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(54) GLASS COMPOSITION 



(57) A glass composition of the present invention is manufactured by melting glass raw materials and contains a 
multicomponent oxide as a main component, and the glass composition contains at least one of helium and neon in 
an amount of 0.01 to 2 [lUq (0°C, 1 atm). 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a glass composition, and more specifically to a glass composition capable 
of reducing bubbles in a glass product by decreasing a dissolved gas in a glass and capable of improving homogeneity 
of the glass product. 

[0002] The most important object among objects addressed over many years in manufacture of a glass product is 
to manufacture a very homogeneous glass by completely removing bubbles remaining in the glass which lead to defects 
10 in the glass product. Various Inventions have been made to attain the object, but a method Is not yet discovered which 
satisfies the prerequisite of stable manufacture and supply of a high quality glass demanded by the industrial world 
and consumers at low cost and which is easy for glass manufacturers to implement. 

[0003] Further, a method of manufacturing a glass product from a solid such as a method employing a gas phase 
reaction and a sol-gel method Is recognized. However, in general, the most often employed industrial method of man- 

15 uf acturing a large amount of a glass product involves; using a mixture of inorganic compounds as a main raw material 
for glass raw materials; and melting the raw materials at high temperatures, to manufacture a glass product. According 
to the manufacturing method employing melting, methods of removing bubbles from a molten glass are roughly clas- 
sified into a chemical method and a physical method. A typical example of the former method is a method of adding 
fining agents into glass raw materials, and a typical example of the latter method is a method of reducing pressure or 

20 vacuum degassing the molten glass. 

[0004] In particular, while a wide variety of glass products are supplied recently, the former method generally involves: 
adding a minute amount of fining agents into the glass raw materials; heating the glass raw materials at high temper- 
atures for foaming in a molten glass through their decomposition or redox reaction; and removing a carbon dioxide 
gas generated during melting, bubbles remaining in the raw materials, nitrogen generated during glass melting. The 

25 method is characterized in that, although attention must be focused on control of glass melting temperature and of 
molten glass flow and on segregation of fining agents in the glass raw materials, the method enables continuous mass 
production of a glass product with relative ease if a fining agent providing a stable fining effect can be selected. There 
exist many cases where such a fining method suitable for mass production of glass has been employed during melting. 
[0005] Among those, the most frequently employed method Involves adding arsenic, which provides a sufficient fining 

30 effect with minute addition, as oxide in the glass. However, environmental problems have been pointed out regarding 
addition of arsenic. Thus, an urgent need of selecting another fining agent for replacing arsenic or for reducing the 
amount of arsenic added as a fining agent has resulted in reexamination of other hitherto proposed fining agents, 
developments of new fining compounds, or the like. Among those, many substances such as antimony, chlorine, and 
niter have been studied as substitute for arsenic, but a fining agent having a fining effect surpassing that of arsenic is 

35 far from found, particularly for an oxide glass requiring high temperature melting. Thus, melting furnace conditions 
have been studied for aiding the fining effect of the fining agent replacing arsenic, and many attempts have been made 
on various measures for solving the problems such as combination of a plurality of fining agents and increase of furnace 
temperature. However, despite such continuous studies and attempts, a low-cost method applicable to various glass 
compositions and assuredly providing a stable and good fining effect is not yet found. 

40 [0006] On the other hand, examples of the physical method include: reduction of glass viscosity by increasing a 
melting temperature; a centrifugal method; flow control of moltenglass inside the furnace; a stirring method; a gas 
blowing method; a sonic/ultrasonic method; an reduced pressure method; control of a melting atmosphere; and a 
combination thereof. Several inventions have been reported regarding a method of forcibly accelerating a rise of bub- 
bles in the glass to the surface by keeping the molten glass under reduced pressure, for example. Patent Document 

45 1 and Patent Document 2 below each describe a reduced pressure defoaming apparatus arranged between a melting 
tank and a working tank of a glass melting furnace. However, such methods are not yet widely used as a general 
method of homogenizing a glass because the methods are not as easy as the chemical method to implement, do not 
provide comparable results as those of the chemical method, require a very large capital investment, and limit a usable 
glass composition. 

50 [0007] Various gases are employed for a melting atmosphere in a part of a glass manufacturing process. Among 
those, Patent Document 3 below describes a method involving remeiting a glass In an inert gas atmosphere as a means 
for preventing reboiiing. Further, Patent Document 4 below describes use of a hydrogen gas or a helium gas during a 
densing process of a quarts glass tube base material. Further, Patent Document 5 below describes reduction of a water 
content in a glass by bubbling a gas selected from the group consisting of C0 2 , N 2 , 0 2 > NO x , and a noble gas as a dry 

55 gas. 

[0008] Further, Patent Document 6 below describes that a supplemental effect can be realized during fining of a 
molten glass by using helium with sodium chloride, and that the effect was confirmed upon using helium with a very 
small, experimental amount of the molten glass. 
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Patent Document 1: JP 11-130442 A (p. 2-7, Figs. 1-2) 
Patent Document 2: JP 11-130444 A (P. 2-7, Fig. 1) 
Patent Document 3: JP 06-329422 A (p. 2-4) 
Patent Document 4: JP 09-301726 A (p. 2-4, Fig. 1 ) 
5 Patent Document 5: JP 07-172862 A (p. 2-8, Figs. 1-7) 

Palent Document 6: US 3,622,296 

[0009] Defoaming of a molten glass under reduced pressure as in Patent Document 1 and Patent Document 2 may 
be recognized as one measure, but such a method requires large-scale remodeling of a manufacturing facility and 
io may require introduction of an expensive devices, thereby being disadvantageous to attain a reduced cost price for 
manufacture of a glass product requiring mass production. 

[0010] Further, adoption of the inert gas for the melting atmosphere as in Patent Document 3 and Patent Document 
4 has been realized for specific glass compositions. However, the method is for shielding the molten glass from oxygen 
and for adjusting the water content. Neither Patent Document 3 nor Patent Document 4 describes an inert gas content 

15 in the glass or a fining action during glass melting. 

[0011] On the other hand, a fining method in Patent Document 6 had focused on the helium gas for the first time, 
and was an innovative fining method for the molten glass. However, the method was regarded supplemental to specific 
glass compositions, and assumes nothing on quantitative criteria of helium usage for broader applications, applications 
to glass materials of other grades, or the like. Thus, no follower of the method appeared, resulting in no application of 

20 the method to a widely used multicomponent oxide glass and no new improvements. 

SUMMARY OF THE INVENTION 

[0012] An object of the present Invention Is to provide a novel glass composition capable of fundamentally solving 

25 problems in fining of a multicomponent oxide glass during melting. 

[0013] The inventors of the present invention have found, through studies on conventional fining of a multicomponent 
oxide glass during melting, an optimum glass composition applicable to various uses by including helium and/or neon 
in a wide variety of multicomponent oxide glass products manufactured by high temperature melting. 
[0014] That is, a glass composition according to the present invention relates to a glass composition manufactured 

30 by melting glass raw materials and containing a plurality of oxides as main components, characterized by including at 
least one of helium and neon in an amount of 0.01 to 2 ul (micro litersyg (0°C, 1 atm). 

[0015] The inventors of the present invention have found that bubbles In the molten glass can be removed completely 
or can be drastically reduced, thus providing a good fining effect, by including as a component providing a fining effect 
to the molten multicomponent oxide glass, a predetermined amount of helium or neon as an inert gas component. 

35 [0016] Each element in the molten glass is generally in a network state having a weak bonding force, and higher 
temperatures cause vigorous, irregular element position changes involving stretching vibration, rotation vibration, and 
bending vibration at a relatively high speed. However, as described below, helium and neon have very low reactivities 
and are small because an electron arrangement of each atomic structure has a closed shell structure. Thus, helium 
or neon hardly bonds with various elements constituting a molten glass, and are sufficiently small to pass through 

to openings of a vibrating network. Therefore helium or neon can easily diffuse through the molten glass without being 
affected by surrounding elements. 

[0017] Thus, when the molten glass is brought into contact with a helium and/or neon gas to dissolve helium and/or 
neon in the molten glass, the gas of helium or neon follows the Henry's law and rapidly diffuses to a predetermined 
partial pressure in the molten glass. On the other hand, oxygen, carbon dioxide, water vapor, sulfur dioxide, halogen, 
45 or the like in the molten glass have a smaller diffusion rate than that of helium or neon, and do not permeate through 
the molten glass at the same rate as the diffusion rate of helium or neon into the molten glass. Thus, the total partial 
pressure In the molten glass increases. 

[001 8] Oxygen, carbon dioxide, steam, sulfur dioxide, halogen, or the like generates through a chemical reaction or 
the like of the glass raw materials. An absence of a fining agent results in the total partial pressure in the molten glass 

so exceeding an external pressure, that is, exceeding 1 atm in the atmosphere through the diffusion of helium or neon. 
Helium and neon function as follows under such high pressure conditions. That is, an amount of a gas such as oxygen, 
carbon dioxide, and water vapor dissolved in the molten glass is represented as a partial pressure in the molten glass. 
When the total partial pressure exceeds the external pressure of 1 atm, the gas such as oxygen, carbon dioxide, water 
vapor, sulfur dioxide, and halogen hardly remains stably dissolved in the glass, and diffuses into fine bubbles present 

55 in the surroundings. As a result, bubble sizes expand in the molten glass and the bubbles increase in rising rate and 
disappear at a glass surface, to thereby remove fine bubbles In the molten glass. 

[0019] Further, when the molten glass contains a fining agent added to raw materials, an amount of an oxygen gas 
in the molten glass, that is, an oxygen partial pressure remains at equilibrium with redox reaction of a fining agent. As 
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described above, the oxygen gas at equilibrium diffuses into fine bubbles by dissolution of helium or neon In the molten 
glass, and a partial pressure of oxygen equilibrium with the fining agent established In the molten glass is ruined. Thus, 
the reduction of fining agent is promoted, to supply oxygen gas in the molten glass. As a result, dissolution of helium 
or neon in the molten glass enables efficient supply of oxygen gas from the fining agent in the molten glass, which is 

5 the most effective fining gas In oxide glasses. 

[0020] As described above, two sleps involved in the dissolution of helium or neon In the molten glass can assuredly 
realize further promotion or decomposition of a fining agent added as a raw material In the molten glass during homog- 
enization of the molten glass having a composition of the present Invention maintained at high temperatures. That is, 
the two steps involve: 1 ) increasing the total pressure of gases to realize a high pressure state necessary for discharge 

10 of gases from the molten glass; and 2) forming bubbles as a gas phase from a dissolved gas phase with high pressure 
such as oxygen, or promoting bubble expansion, in the molten glass. 

[0021] Both helium and neon used in the present invention may be classified as inert gases and noble gases, and 
have stable closed shell structures to exist as monoatomic molecules. Helium Is the lightest element among the noble 
gas elements, and is also very small structurally. Helium has a very small attracting force by the Van der Waals force, 

is and thus, helium does not solidify and remains liquid even at the absolute temperature of zero under normal atmospheric 
pressure. Further, neon Is the second smallest element next to helium among the noble gas elements and has a stable 
structure as a monoatomic molecule. Thus, both helium and neon are captured in voids of a glass network structure 
that consists of inorganic oxides in the glass product cooled after high temperature melting. 
[0022] Helium or neon is not involved in network structure formation of the glass, but inclusion thereof alone or in 

20 total In an amount of 0.01 ul/g or more in the glass provides a fining effect to the molten glass and provides a homo- 
geneous glass. A content of less than 0.01 uAVg cannot provide a sufficient fining effect. For an assured fining effect, 
a content is preferably 0.06 u,L/g or more, A content is more preferably 0.1 u,L/g or more. Such a content can realize 
a sufficient clarifying effect even under harsh conditions including a large content of gasifying components in the glass. 
On the other hand, a content exceeding 2 u,L/g is not preferable because so-called rebelling, that is, re-foamlng occurs 

25 through reheating of the glass composition. A preferable upper limit of the content is 1 .5 ul/g (1 .5 \lUq or less) for 
inhibiting recoiling, though varying depending on the glass composition, heating conditions, or the like. The preferable 
upper limit of the content is 1 .0 ul/g (1 .0 ul/g or less) for a glass composition in which a fining agent except helium 
or neon coexists, because reboiling tends to occur more easily. 

[0023] Thus, a preferable range of a helium and/or neon content is 0.1 jiL/g to 1 .5 \i\Jg in the molten glass, in which 
30 no fining agent except helium or neon coexists, for providing a fining agent effect under harsher conditions and for 
inhibiting reboiling. On the other hand, a preferable range of the helium and/or neon content in the molten glass, in 
which a fining agent except helium or neon coexists, is 0. 1 ul/g to 1 . 0 ul/g, for providing a fining effect under harsher 
conditions and for Inhibiting reboiling. 

[0024] Further, a glass formation path includes formation from a gas phase through vaporization or formation from 
35 a solid phase through a sol-gel method, but the present invention is intended for a glass formed by retaining the glass 
raw materials at high temperatures and cooling the molten glass. Energy for melting glass raw materials may be pro- 
vided through: burning of a solid, liquid, or gas fuel; electromagnetic radiation such as electricity and infrared radiation; 
and radiation heat or conductive heat from other high temperature media. 

[0025] A glass composition of the present invention is manufactured by melting glass raw materials. That is, the 

40 glass raw materials are precursors before melting and are substances which vitrify as so-called an super cooled liquid 
by heating to high temperatures once and then cooling. The glass raw materials solidify into a glass composition of a 
product containing a plurality of oxides as main components. The glass raw materials are not limited as long as a glass 
phase coexists in the glass composition even if a crystal phase forms on a surface and inside thereof by the presence 
of the surface, an interface, or the like depending on the cool ingprocedu res and cooling conditions employed. 

45 [0026] That is, examples of the glass raw materials that can be used In the present invention include materials 
containing: a single substance, a mixture, or a compound of inorganic substances such as oxides, carbonates, phos- 
phates, chlorides, and various glass as a main component; and a single substance, a mixture, or a compound of organic 
additives, metal additives, or the like as an additive, if required. As represented by a classification of the glass based 
on source of the glass raw materials, any substance such as natural products, synthetic products, or purified products 

so may be used as long as it provides necessary components for a glass composition that contains a plurality of oxides 
as main components. Further, highly purified industrial products, with impurities in a ppm order or a ppb order removed 
through various methods, can be employed as glass raw materials of the present Invention. Further, generally used 
raw materials for glass manufacture, manufactured and purified in mining and chemical industries, may also be used 
as raw materials for the glass composition of the present invention. 

55 [0027] The phrase "glass composition containing a plurality of oxides as main components " as used in the present 
invention refers to a glass composition containing two or more types of oxides and containing 50 mass% or more of 
the two or more types of oxides in total. The "glass composition containing a plurality of oxides as main components" 
of the present invention does not apply to a glass composition having a single composition with a plurality of oxide 



4 



BNSDCCIO: <EP 14732S4A1J_> 



EP 1 473 284 A1 

components mixed as impurities, for example. To be specific, the "glass composition containing a plurality of oxides 
as main components" of the present invention does not apply to a glass composition containing close to 99% in mass% 
of a single component and 0. 09 mass% or less, that is, two decimal places, of the plurality of oxide components 
respectively, for example. 

s [0028] Further, melting of the glass rawmaterials generally Involves: collectively holding the glass raw materials in 
a vessel; and then melting the materials while preventing the plurality or raw materials from separating during high- 
temperature heating. A method which may also be employed as appropriate involves: applying an external force such 
as gas flow pressure and electromagnetic force; and floating to melt. Further, a medium having a function of holding 
the raw materials and maintaining them at high temperatures can be used for melting the glass raw materials even if 

10 the medium does not serve as a vessel. Thus, the mediumdoes not have to be necessarily a solid, and may be a liquid 
such as liquid metal containing a single or a plurality of components. 

[0029] White a vessel hardly reacting with the glass raw materials during melting ispreferablyselectedwh en using 
evessel formatting, any material, whether it is a metal or inorganic substance, may be used as a material constituting 
the vessel for applications where some amount of impurities may be allowed to be mixed in the glass composition. 
'5 Further, when a vessel is used for capturing glass raw materials In aerospace or in a space simulating aerospace 
where no gravity acts, and if wettability between the vessel and the glass is too high, the glass flows over a vessel wall 
to the outside. Thus, wettability also must be considered. Industrial materials generally used In glass Industries and 
exhibiting heat resistance as a main property, so-called refractories, can be employed alone or in a mixture for the 
vessel. 

20 [0030] Further, examples of methods of adding helium or neon to the glass composition of the present invention 
include: a method involving retaining glass raw materials in a helium or neon atmosphere before melting and gradually 
Increasing temperature in the same atmosphere while maintaining this state, for melting the glass raw materials; and 
a method involving sufficiently melting glass raw materials and then bringing the molten glass into contact with helium 
or neon, for diffusing helium or neon In the molten glass. Alternatively, use of raw materials or glass cullet having high 

25 helium or neon concentration for a specific raw material species in the glass raw materials enables effective addition 
of helium or neon into the glass composition. 

[0031] Further, a method of diffusing helium or neon in the molten glass by adjusting an atmosphere surrounding 
the glass to a helium or neon atmosphere is an easy method of adding helium or neon. Other methods thereof include: 
a method of bubbling helium or neon in the molten glass using a refractory nozzle; and a method of employing as a 

30 material constituting a vessel, a refractory material having pores allowing diffusion of helium or neon, and generating 
many fine helium or neon bubbles from a bottom of the vessel, for efficient diffusion. Further, a porous refractory tip of 
a refractory nozzle immersed in the vessel can provide low cost and efficient diffusion of helium or neon. 
[0032] Further, a glass composition of the present invention may contain a fining component In an amount of 0.001 
to 3 mass%, in addiLion to the above composition (composition described In claim 1). 

3$ [0033] According to the present invention, a fining agent may include: a substance which has a high vapor pressure 
during high temperature heating, heat decomposing, and melting of the glass raw materials, which gasifies and sep- 
arates from the molten glass, and which partially contains a melting atmosphere gas captured in the raw materials 
during melting of glass raw materials. The fining agent generally refers to a chemical substance serving to forma 
homogeneous molten glass by releasing a gas mixture perceived as bubbles in the molten glass. Specific examples 

40 of a gas forming bubbles in the molten glass Include C0 2 , SO a , 0 2 , N 2> H 2 0, H 2 , Ar, and a mixture gas thereof. At high 
temperatures, an evaporated or vaporized substance from the molten glass may be included in a minute amount as a 
gas component. 

[0034] Examples of various compounds, elements, and mixtures that can be used as the fining agent include: arsenic 
compounds such as As 2 0 3 ; antimony compounds such as Sb 2 0 3 , 2MgO-Sb 2 0 5 , 7MgO-Sb20 5 , 2ZnO-Sb 2 O s , 

45 7ZnO-Sb 2 0 5 , 3CaOSb 2 0 5 , 6CaO.Sb 2 0 5 , 2SrO-Sb 2 0 5 , 6SrO-Sb 2 0 5 , BaO-Sb 2 0 5 , 4BaO-Sb 2 0 Sl LI 2 0«Sb 2 0 5 , 
2U 2 0-Sb 2 0 5 , K 2 0-Sb 2 0 5 , LaSb0 4 , SbNb0 5 , Sr(Ca 0 33 Sb 067 )O 3 , LIZnSb0 4 , Li 15 TI 1 0 Sb 0<5 O 4 , Ba 2 Al 0 5 Sb 0 5 O e , 
Ba 2 Ce o.75 Sb0 6' ZrSbP0 7> Ba(Sb 0<s Sn 0<5 )0 3 , LiSiSb0 5 , and L^ZrgSbgSiO^; oxides such as Sn0 2 , Ce0 2 , and Ba0 2 ; 
peroxides; nitrates such as NaN0 3 , KN0 3 , and Ba(N0 3 ) 2 ; sulfates such as Na 2 S0 4 , K 2 S0 4 , CaS0 4 , and BaS0 4 ; 
chlorides such as NaCI, KCI, and CaCI 2 ; fluorides such as CaF 2 , Na 2 SiF e , LiF-KF'AI 2 0 3 -3Si0 2 , and KF; metal and 

so inorganic elements such as Al, Si, Zn, Ga, Fe { Sn, and C; H 2 0 ; AI(OH) 3 ; and organic compounds that are carbon- 
containing compounds such as sucrose, granulated sugar, cornstarch, and wood powder. 

[0035] A fining component content, though varying depending on type thereof and the glass composition used, is 
preferably 0.001 mass% or more for providing a fining effect to the molten glass In coexistence with helium or neon. 
Further, the fining component content is more preferably 0.01 mass% or more for a significant fining effect Further, 
ss for a glass composition hardly diffusing helium or neon, the fining component content is preferably 0.03 mass% or 
more. On the other hand, a fining component content exceeding 3 mass% poses problems of excessive gas generation 
and difficulty of removal of the bubbles from the molten glass. An upper limit of the fining component content is preferably 
2.5 mass% for a glass product under harsh conditions for inhibitlng.foaming during reheat treatment, and more pref- 
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erably 2.0 mass% for a glass composition applied to a glass product used under harsher conditions. Thus, a preferable 
fining component content ranges from 0.01 to 2.5 mass%, and optionally 0.01 to 2 mass%, 0.03 to 2.5 mass%, 0. 03 
to 2 mass%, 0.01 to 3 mass%, and 0.03 to 3 mass%. 

[0036] Further, an addition method for the fining component is not particularly limited, and the fining component may 
s be added as a melting raw material component or may be added to the molten glass. The fining component can be 
added simultaneously with the addition of helium or neon. Further, the fining component can be added to the glass 
intentionally as an elutlon component eluting from a vessel and a refractory material immersed in the molten glass. 
The fining component can be added alternatively with helium or neon. The addition amount of the fining component 
can be adjusted to an optimum amount by gradually increasing or decreasing the addition amount while the fining 
10 effect is confirmed. 

[0037] A helium and/or neon content is preferably 0.1 to 1 .0 uJVg when helium and/or neon is coexistent with the 
fining component. 

[0038] Further, a glass composition of the present invention may contain as a fining component one or more com- 
ponents selected from the group consisting of S0 3 , CI, H 2 0, Sn, Sb, F, and As, in addition to the above composition 
is (composition described in claim 1 ). 

[0039] S0 3 , CI, H 2 0, Sn, Sb, F, or As as defined herein as a fining component exhibits a good fining effect among 
the various fining agents when coexisting with helium and/or neon, and Is a component which partially remains in a 
cooled glass component even after modification through heat decomposition by high temperature melting and through 
a redox reaction. 

20 [0040] Further, aglass composition according to the present invention may contain Sb in an amount of 0.01 to 1 .5 
mass% as Sb 2 0 3 , in addition to the above composition (composition described in claim 1). 
[0041] Sb (antimony) is a component serving as a fining agent in the glass composition, and exhibits a good fining 
effect when coexisting with helium and/or neon. However, an Sb 2 0 3 content of less than 0.01 mass% in the glass 
composition cannot provide a sufficient effect. Thus, the Sb 2 0 3 content must be 0.01 mass% or more. The Sb 2 0 3 

25 content is preferably 0.1 mass% or more for a better effect. On the other hand, the Sb 2 0 3 content must be 1 .5 mass% 
or less because an Sb 2 0 3 content exceeding 1 .5 mass% poses a problem of reboiling by heat treatment during fabri- 
cation. Further, the Sb 2 0 3 content is preferably 1 .0 mass% or less, particularly If high temperature heat treatment is 
employed during fabrication, because stability against reboiling further increases with the Sb 2 0 3 content of 1 .0 mass% 
or less. The Sb 2 0 3 content is preferably 0.7 mass% or less when another gas component possibly causing reboiling 

30 coexists. 

[0042] Further, aglasscompositionaccordingtothepresentinvention may contain S0 3 in an amount of 0.001 to 1.0 
mass%, in addition to the above composition (composition described in claim 1). 

[0043] S0 3 is a component serving as a fining agent in the glass composition, and provides an enhanced fining effect 
for bubbles in the molten glass when coexisting with helium and/or neon. However, an S0 3 content of less than 0.001 

35 mass% in the glass composition cannot provide a sufficient fining effect. Thus, the S0 3 content must be 0.001 mass% 
or more. The S0 3 content is preferably 0.01 mass% or more for realizing a better effect. The S0 3 content is preferably 
0.03 mass% or more for realizing a sufficient fining effect under harsh conditions. On the other hand, the S0 3 content 
must be 1.0 mass% or less because an S0 3 content exceeding 1.0 mass% poses a problem of easy generation of 
bubbles through reboiling by reheat treatment during fabrication after cooling. A safer S0 3 content, though varying 

40 depending on reheat treatment conditions, is 0.8 mass% or less. The S0 3 content is preferably 0.5 mass% or less 
when another gas component possibly causing reboiling coexists. 

[0044] Further, a glass composition according to the present invention may contain CI in an amount of 0.01 to 1 .5 
mass%, in addition to the above composition (composition described in claim 1). 

[0045] CI (chlorine) is a component which exhibits a fining effect of promoting vaporization of a gas component from 
45 the molten glass when coexisting with helium and/or neon. However, a CI content of less than 0.01 mass% in the glass 
composition cannot provide a sufficient fining effect. Thus, the CI content must be 0.01 mass% ormore. The CI content 
is preferably 0.03 mass% or more for realizing a better fining effect. On the other hand, the CI content must be 1 .5 
mass% or less because a CI content exceeding 1 .5 mass% poses a problem of readily Impairing chemical resistance 
of the glass and provides a glass composition without practically sufficient resistance. An upper limit of the CI content 
so is preferably 1 . 2 mass% for a glass composition requiring higher chemical resistance and weatherability. The upper 
limit of the CI content is preferably 1.0 mass% when another component deteriorating the chemical resistance and 
weatherability coexists. 

[0046] Further, the following facts have been found about F which is a halogen gas like CI. F has an effect of promoting 
vaporization of a gas component from the molten glass and of reducing a glass viscosity during melting when coexisting 
55 with helium and/or neon, and thus, inclusion of a predetermined amount of F in the glass composition is effective for 
attaining the intended effect of the present invention. In that case, an F content preferably ranges from 0.01 to 2.0 
mass%. The F content of less than 0.01 mass% cannot provide a sufficient effect. The F content is preferably 0.03 
rnass% or more for realizing a better effect. On the other hand, the F content preferably does not exceed 2.0 mass% 
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in the glass composition because F deteriorates the chemical resistance of the glass similarly to CI by bonding with 
cation components In the glass to break a glass network structure in a cooled glass. An upper limit of the F content is 
preferably 1 .5 mass% for a glass composition requiring higher chemical resistance. The upper limit of the F content is 
preferably 1 .0 mass% when another component deteriorating the chemical resistance coexists. 
5 [0047] Further, aglasscomposltionaccordlngtothepresentinventlon may contain H 2 0 in an amount of 0.01 to 0.2 
mass%, in addition to the above composition (composition described In claim 1). 

[0048] H 2 0 is an effective component since It exhibits an effect of reducing a glass viscosity and of promoting dis- 
charge of a gas component from the molten glass when coexisting with helium and/or neon. However, an H 2 0 content 
of less than 0.01 mass% in the glass composition cannot provide a sufficient effect. Thus, the H 2 0 content is preferably 

10 0.01 mass% or more. The H 2 0 content must be 0.03 mass% or more for a better gas component vaporization effect. 
On the other hand, the H a O content preferably does not exceed 0.2 mass% in the glass composition because H 2 0 
deteriorates the chemical resistance and weatherabillty of the glass by bonding with other cations in the glass to break 
a glass network structure in a cooled glass. Further, the H 2 0 content is preferably 0.15 mass% or less when another 
component deteriorating the chemical resistance and weatherabillty coexists. Further, the H 2 0 content Is preferably 

15 0.1 0 mass% or less for a glass product requiring, particularly, the chemical resistance and weatherabillty 

[0049] Further, a glass composition according to the present invention may contain Sn in an amount of 5 mass ppm 
(that Is, 5 x 1 0* 4 mass%) to 2 mass% as Sn0 2 , in addition to the above composition (composition described in claim 1 ). 
[0050] Sn (tin) is a component serving as a fining agent in the glass composition, and exhibits a good fining effect 
when coexisting with helium and/or neon. However, an Sn0 2 content of less than 5 mass ppm in the glass composition 

20 cannot provide a sufficient effect. Thus, the Sn0 2 content must be 5 mass ppm or more. The Sn0 2 content is preferably 
1 00 mass ppm or more for exhibiting an assured effect with a small helium and/or neon content in the glass composition. 
The Sn0 2 content is preferably 0.05 mass% or more, that is, 500 mass ppm or more, for a better effect with a glass 
composition requiring high temperature melting. On the other hand, the Sn0 2 content is preferably 2 mass% or less 
because an Sn0 2 content exceeding 2 mass% poses a problem of reboiling by heating in applications requiring heat 

25 treatment during fabrication . Further, the Sn0 2 content is preferably 1 .5 mass% or less for enhancing stability against 
reboiling, and is preferably 1 .2 mass% or less, if high temperature heat treatment is employed during fabrication. The 
Sn0 2 content is preferably 0.7 mass% or less when another reboil gas component coexists. 
[0051] Further, a glass composition according to the present invention may contain As in an amount of 0.01 to 1 .5 
mass% as As 2 0 3 , in addition to the above composition (composition described in claim 1). 

30 [0052] As (arsenic) is a component serving as a fining agent in the glass composition as Sb, and exhibits a good 
fining effect when coexisting with helium and/or neon. However, an As 2 0 3 content of less than 0.01 mass% in the glass 
composition cannot provide a sufficient effect. Thus, the As 2 0 3 content must be 0.01 mass% or more for a better effect. 
On the other hand, the As 2 0 3 content must be 1 .5 mass% or less because an As 2 0 3 content exceeding 1 .5 mass% 
poses a problem of reboiling by heat treatment during fabrication. Further, the A^O;^ content is preferably 1 .0 mass% 

35 or less, particularly If high temperature heat treatment is employed during fabrication, because stability against reboiling 
further increases with the As 2 0 3 content of 1.0 mass% or less. The As 2 0 3 content is preferably 0.7 mass% or less 
when another reboil gas component coexists. 

[0053] Further, aglass composition according to the present Invention may contain Sb in an amount of 0.01 to 1 .5 
mass% as Sb 2 0 3 and Sn in an amount of 5 mass ppm to 2 mass% as Sn0 2) in addition to the above composition 

40 (composition described in claim 1). 

[0054] Sb and Sn here respectively have the above-described effects separately, and a glass composition containing 
both elements may exhibit even better effects. When Sb and Sn coexist, an Sb 2 0 3 content of less than 0.01 mass% 
as Sb cannot provide a sufficient effect. Thus, the Sb 2 0 3 content must be 0.01 mass% or more. The Sb 2 0 3 content is 
preferably 0.08 mass% or more for a better effect. On the other hand, the Sb 2 0 3 content must be 1 .5 mass% or less 

45 because an Sb 2 0 3 content exceeding 1 .5 mass% poses a problem of reboiling by heat treatment during fabrication. 
Further, the Sb 2 0 3 content is preferably 0.8 mass% or less, particularly if high temperature heat treatment is employed 
during fabrication, because stability against reboiling further increases with the Sb 2 0 3 content of 0.9 mass% or less. 
The Sb 2 0 3 content is preferably 0.6 mass% or less when another gas component possibly causing reboiling coexists. 
[0055] An Sn0 2 content of less than 5 mass ppm as Sn cannot provide a sufficient effect. Thus, the Sn0 2 content 

so must be 5 mass ppm or more. The Sn0 2 content is preferably 80 mass ppm or more for exhibiting an assured effect 
with a small helium and/or neon content in the glass composition. The Sn0 2 content is preferably 0,04 rnass% or more, 
that is, 400 mass ppm or more for better effects with a glass composition requiring high temperature melting. On the 
other hand, the Sn0 2 content must be 2 mass% or less because an Sn0 2 content exceeding 2 mass% poses a problem 
of reboiling by heating in applications requiring heat treatment during fabrication. Further, the Sn0 2 content is preferably 

55 1 a mass% or less for enhancing stability against reboiling, and is preferably 1 .1 mass% or less, if high temperature 
heat treatment is employed during fabrication. The Sn0 2 content is preferably 0.6 mass% or less when another reboil 
gas component coexists. 

[0056] Further, a glass composition according to the present invention may contain S0 3 in an amount of 0.001 to 
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1.0 mass% and CI in an amount of 0.01 to 1.5 mass%, Inaddltiontothe above composition (composition described in 
claim 1). 

[0057] S0 3 and CI here respectively have the above-described effects separately, and a glass composition containing 
both elements can exhibit even better effects compared to that containing a single element. The combination of S0 3 

5 and CI is effective in melting of a glass composition having a high viscosity, which Is hardly fined. However, an S0 3 
content of less than 0.001 mass% in the glass composition cannot provide a sufficient effect. Thus, the S0 3 content 
must be 0.001 mass% or more, preferably 0.005 mass% or more. The S0 3 content is preferably 0.01 mass% or more 
for realizing deaeration under harsher conditions. On the other hand, the S0 3 content is preferably 1 .0 mass% or less 
because an S0 3 content exceeding 1 .0 mass% poses a problem of easy generation of bubbles through reboillng by 

10 reheat treatment during fabrication after cooling. An upper limit of a safer S0 3 content, though varying depending on 
reheat treatment conditions, is 0.7 mass%. The S0 3 content is preferably 0.4 mass% or less when another gas com- 
ponent possibly causing reboiling coexists. 

[0058] A CI content of less than 0.01 mass% in the glass composition cannot provide a sufficient fining effect, when 
S0 3 and CI coexist. Thus, the CI content must be 0.01 mass% or more. The CI content is preferably more than 0.02 

75 mass% for realizing a better clarifying effect On the other hand, an upper limit of the CI content must be 1 .5 mass% 
because a CI content exceeding 1 .5 mass% poses a problem of readily impairing chemical resistance of the glass and 
provides a glass composition without practically sufficient resistance. The upper limit of the CI content is preferably 1 .1 
mass%fora glass composition used in applications requiring higher chemical resistance and weatherability. The upper 
limit of the CI content is preferably O.g mass% when another component deteriorating the chemical resistance and 

20 weatherability coexists. 

[0059] Further, a glass composition according to the present invention may contain Sb in an amount of 0.01 to 1 .5 
mass%asSb 2 0 3 andAs in an amount of 0.01 to 1.5mass%as As 2 0 3 ,in addition to the above composition (composition 
described in claim 1). 

[0060] Sb and As here respectively have the above-described effects separately, and a glass composition containing 
25 both elements can exhibit better effects in a broader temperature range compared to that containing a single element 
because of different decomposition temperatures of oxides. However, an Sb 2 0 3 content of less than 0.01 mass% in 
the glass composition cannot provide a sufficient effect. Thus, the Sb 2 0 3 content must be 0.01 mass% or more. The 
Sb 2 0 3 content is preferably 0.07 mass% or more for a better effect. On the other hand, the Sb 2 0 3 content is preferably 
1 .5 mass% or less because an Sb 2 0 3 content exceeding 1.5 mass% poses a problem of reboiling by heat treatment 
30 during fabrication. Further, the Sb 2 0 3 content is preferably 0,9 mass% or less, particularly if high temperature heat 
treatment is employed during fabrication, because stability against reboiling further increases with the Sb 2 0 3 content 
of 0.9 mass% or less. The Sb 2 0 3 content is preferably 0.7 mass% or less when another gas component possibly 
causing reboiling coexists. 

[0061] An As 2 0 3 content of less than 0.01 mass% as As in the glass composition cannot provide a sufficient effect, 

35 when Sb 2 0 3 and As 2 0 3 coexist. Thus, the As 2 0 3 content must be 0.01 mass% or more. The AsgO/j content is preferably 
0.02 mass% or more for realizing a better effect. On the other hand, the As 2 0 3 content must be 1 .5 mass% or less 
because an As 2 0 3 content exceeding 1 .5 mass% poses a problem of reboiling by heat treatment during fabrication. 
Further, the As 2 0 3 content is preferably 0.9 mass% or less, particularly if high temperature heat treatment is employed 
during fabrication, because stability against reboiling further increases with the As 2 0 3 content of 0.9 mass% or less. 

40 The As 2 0 3 content is preferably 0.6 mass% or less when another reboil gas component coexists. 

[0062] The glass composition according to the present invention Is intended for a multicomponent oxide glass con- 
sisting of a plurality of oxide components of 1 mass% or more each, and the number of oxide components which 
constitute a glass is desirably large. That is, a three-component system rather than a two-component system, a four- 
component system ratherthan a three-component system, and a five-component system rather than a four-component 

45 system are desirable respectively. Further, a six-, seven-component system or more is generally more desirable. A 
larger number of components generally reduces a melting temperature, thereby causing the bubbles to float easily. 
On the other hand, an atomic distance distribution among respective atoms in the molten glass consisting of multicom- 
ponents becomes broader than that of the molten glass consisting of a single component. As a result, sites of large 
atomic distance exist in the molten glass, providing an effect of easy diffusion of helium and neon in the molten glass. 

50 [0063] Further, the glass composition of the present invention tends to obstruct a diffusion pathway of helium or neon 
when components having small atomic radii such as alkali metal elements are included in the composition. Thus, an 
amount of the alkali metal elements is desirably small, However, the alkali metal elements may be added when the 
inclusion of the alkali metal elements is desired in applications of the glass composition. Reduction in the viscosity of 
the molten glass by addition of the alkali metal elements promotes fining from the glass, thereby contributing to im- 

55 provements of the fining effect. 

[0064] Hereinafter, the glass composition containing the alkali metal elements will be described in detail. 

[0065] Aglass composition consisting of four or more oxide components and allowing a very small content of alkali 

metal element additives, for example, can be defined as follows. 
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[0066] That is, a glass composition manufactured by melting of glass raw materials and containing four or more oxide 
components as main components characterized by including: helium and/or neon In the above-described range; a 
fining component in the above-described range, as required; and alkali metal oxide elements such as Li 2 0, Na 2 0, and 
K 2 0, so that the total content of the elements is 10 mass ppm or more and less than 0.3 mass%. 

5 [0067] The alkali metal oxide elements reduce the viscosity of the molten glass. Reduction of the viscosity of the 
molten glass facilitates degassing by fining from the molten glass. To realize the effecl even slightly, the total conlenl 
of the alkali metal oxide elements must be 10 mass ppm or more. To enhance the effect, the total content of the alkali 
metal oxide elements is preferably 50massppmormore. On the other hand, the alkali metal oxide elements may be 
reduced to minimum depending on an environment where the glass is used. 

10 [0068] Alkali metals are desirably avoided as much as possible in sheet glass for a liquid crystal substrate used for 
electronic parts or the like, for example. For such an application, an upper limit of the total content of the alkali metal 
oxide elements is 0.3 mass%. Further, the total content of the alkali metal oxide elements is desirably less than 0.1 
mass% If the requirements of the application are more demanding. 

[0069] On the other hand, a glass composition capable of containing more alkali metal elements can be defined as 
15 follows. 

[0070] That is, a glass composition manufactured by melting of glass raw materials and containing four or more oxide 
components as main components characterized by including: helium and/or neon in the above-described range; a 
fining agent component in the above-described range, as required; and alkali metal oxides such as LigO, Na 2 0, and 
K 2 0. so that the total content of the elements is 0.3 mass% or more and less than 16 mass%. 

20 [0071] The glass composition used In applications allowing alkali metal oxide elements may contain alkali metal 
oxide elements In an amount of 0.3 mass% or more as a total content, for further assuring the effects such as viscosity 
reduction of the molten glass. The total content of the alkali metal oxide elements is preferably 1 .0 mass% or more, 
for realizing a more assured effect. On the other hand, basic physical properties of a glass exhibiting chemical resistance 
such as suppression of alkali elution may deteriorate by the addition of the alkali metal oxide elements, particularly 

25 with a relatively simple oxide of about four components. Thus, an upper limit of the total content of the alkali metal 
oxide elements is preferably less than 16 mass%, in applications requiring chemical resistance. The upper limit must 
be further reduced to preferably less than 10 mass%for a poor use environment of the glass composition. 
[0072] A glass composition containing, for example, six or more oxide components can be defined as follows. 
[0073] That is, a glass composition manufactured by melting of glass raw materials and containing six or more oxide 

30 components as main components characterized by Including; helium and/or neon in the above-described range; a 
fining component in the above-described range, as required; and alkali metal oxides such as Ll 2 0, Na 2 O p and K 2 0, 
so that the total content of the elements Is 1 6 mass% or more and less than 30 mass%. 

[0074] As described above, the alkali metal oxide elements break the network In the glass structure and reduce the 
viscosity of the molten glass. Further, six or more oxide components constituting a glass facilitates diffusion of helium 

55 and/or neon in the molten glass. Thus, the glass composition consisting of six or more oxide components enables an 
Improvement of a fining effect by combining the effect of reducing the viscosity of the molten glass and the effect of 
promoting the diffusion of helium and/or neon without restriction from the applications. Further, six or more oxide com- 
ponents constituting a glass provide a better effect of chemical resistance such as suppressing alkali elution by mutual 
combination of oxide components. Thus, the total content of the alkali metal oxide elements is preferably 16 mass% 

40 or more. On the other hand, too large a total content of the alkali metal oxide elements causes problems such as water 
resistance. Thus, the upper limit of the total content of the alkali metal oxide elements is preferably 30 mass% or less. 
The upper limit of the total content of the alkali metal oxide elements is preferably 20 mass% or less, particularly for a 
glass composition used in a poor environment. 

[0075] Further, the glass composition of the present invention can appropriately contain: colorants such as transition 
45 metal element compounds, rare earths, Au, Ag.Cu, sulfides, tellurium compounds, and selenium compounds, exhibiting 
color with various colored ions, additives causing colloid coloring such as a CdS-CdSe solid solution, and radiation 
coloring additives such as Mn and Ce; and additives of scarcemetal elements foradjustingrefractive index. Incontrast, 
elements such as U, Th, Fe, Ti, Pb, As, CI, K, Cu, V, Cr, Mn, Pt, Mo, and Zr may be finely controlled as appropriate to 
a ppm order or a ppb order so that the glass composition contains a minimal amount of the elements to meet the 
50 requirements of the applications, 

[0076] Of those, particularly Pt (platinum) may serve as a nucleus for bubble formation during foaming in the molten 
glass through intentional slight addition thereof, and Is an effective component for promptly producing bubbles for 
assured fining. The amount of Pt addition is preferably 1 ppb or more, more preferably 50 ppb ormore. On the otherhand, 
anupper limit of the amount of Pt addition is preferably 50 ppm or more because an increased Pt content often adversely 
55 affects optical properties or appearance qualities. The upper limit of the amount of Pt addition is preferably 30 ppm in 
applications particularly requiring optical properties. 

[0077] Further, the glass composition of the present invention may be manufactured by melting in a heat resistant 
material* containing Pt. A slight amount of Pt intentionally added also provides an effect of reducing Pt elution from the 
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heat resistant metal material, thereby preventing loss of glass homogeneity by formation of contaminants containing 
the eluted Pt in the molten glass or preventing color change of the glass by the eluted Pt. 

[0078] Further, Mo (molybdenum) also may serve as a nucleus for bubble formation in the glass composition con- 
taining helium and/or neon, similar to Pt. A slight amount of Mo may be added in place of Pt, If not posing problems in 
5 properties of the glass composition. However, the effect of Mo is not as high as that of Pt, and thus, the amount of Mo 
addition is preferably 5 ppm or more. The amount of Mo addition is preferably 50 ppm or more for further assuring the 
effect by Mo addition. The amount of Mo addition can be increased to 1, 000 ppm if noL posing problems in optical 
uses. A preferable upper limit of the amount of Mo addition is 700 ppm. 

[0079J Further, a slight amount of Zr (zirconium) added as Zr0 2 provides an effect of aiding diffusion of helium and/ 
w or neon in the molten glass by being coexistent with helium and/or neon. Zr0 2 may be added in an amount of 5 ppm 
or more as Zr. Further, the amount of Zr0 2 addition is preferably 50 ppmormore, for assuredly exhibiting the effect. On 
the other hand, an upper limit of the amount of ZrO z addition is preferably 5 mass% because Zr0 2 may increase the 
viscosity of the moften glass to obstruct the diffusion of helium and/or neon. Further, the upper limit of the amount of 
Zr0 2 addition may be 3 mass% if viscosity increase of the molten glass must be avoided. 
is [0080] The glass composition of the present invention can have a previously designed material composition enabling 
precipitation of a plurality of microcrystalline precipitates inside a glass body through reheat treatment and energy 
transfer such as laser irradiation. 

[0081 ] Further, the glass composition of the present invention can cope with various manufacture conditions accord- 
ing to applications including: ion exchange treatment for imparting necessary optical properties, strength properties, 
20 or the like; provision of various thin films to a glass surface; implantation of specific ions to the glass surface; surface 
treatment with chemicals or the like for improving surface properties; solidification of radioactive substances or the 
like; rapid-quenching vitrification using liquid nitrogen, liquidhelium, or the like; glass manufacture by ultra-high tem- 
perature melting using solar energy; special glass manufacture using a phenomenon of crystallization under ultra-high 
pressure conditions; and inclusion of specific additives for imparting other special electromagnetic properties. 

25 

DESCRIPTION OF PREFERRED EXAMPLES 

[0082] Hereinafter, examples of the present invention will be described. 
so [Example 1] 

[0083] Samples No. 1 to No. 10 in Table 1 represent glass compositions according to Example 1 of the present 
Invention. A molten glass melted in advance to yield a predetermined composition was poured out onto a carbon plate, 
and a part thereof was subjected to chemical composition analysts using an ICP emission spectroscopy or the like. 

33 After the composition was determined, the moltenglass was pulverized to a particle size of 0.5 to 2.0 mm using an 
alumina mortar. 50 g of the pulverized glass was poured into a platinum crucible. The crucible was placed in an at- 
mosphere furnace of an airtight structure heated to 1 , 400°C in advance, and was retained therein for 10 minutes. 
Then, helium (hereinafter, referred to as He) or neon (hereinafter, referred to as Ne) , each adjusted to an appropriate 
concentration with nitrogen was introduced into the furnace as an atmospheric gas for 30-minute treatment. The ICP 

40 emission spectrometer used for chemical composition analysis (SPS1500VR, manufactured by Seiko Instruments Inc.) 
was equipped with secondary electron multiplier (SEM) for improved measurement sensitivity. One analysis required 
about 0.5 g of the glass. Note that, samples No. 1 to No. 1 0 in Table 1 correspond to the invention according to claim 1 . 
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[0084] Further, composition analysis after remelting confirmed that oxide compositions were the same as those be- 
fore melting. The number of bubbles remaining In the glass was determined using a stereoscopic microscope of 20 to 
100 power magnification while keeping the glass in an immersion liquid having the same refractive index as the glass. 
A He or Ne content was measured using a quadrupole mass spectrometer (QMA125, manufactured by Balzers AG) 
5 equipped with a secondary electron multiplier (SEM) for improved measurement sensitivity. Gas analysis using the 
quadrupole mass spectrometer Involved: placing a glass sample lo be measured in a platinum dish, keeping the plat- 
inum dish in a sample chamber to a vacuum of 1 0" 5 Pa (that is, 1 0* 8 Torr) ; and introducing a gas heated and discharged 
into the quadrupole mass spectrometer having a measurement sensitivity of 0.001 jiL/g. 

[0085] In Table 1 , ND indicates that the sample could not be detected. The results of the investigation confirmed that 
to all glass contained He and Ne. Further, the number of remaining bubbles confirmed that all samples had qualities for 
commercialization as glass compositions. 

[Comparative Example 1] 

is [0086] Samples No. 11 to No. 20 In Table 2 represent glass compositions according to Comparative Example 1 of 
the present invention. Molten glass were prepared in the same manner as In Example 1 , and samples No. 11 to No. 
20 jn Comparative Example 1 were produced by remelting In the same manner as in Example 1 except that the melting 
atmosphere was changed to an atmospheric condition. 
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[0087] As a result, the number of bubbles of the samples in Example 1 In Table 1 ranged from 72 bubbles/10 g to 
ND, while the number of bubbles of the samples In Comparative Example 1 1n Table 2 ranged from 780 to 2,570 bubbles/ 
10 g. The results continued that the samples In Comparative Example 1 had many bubbles having a micron-order 
bubble size and that the fining effect was not provided at all. A slight content of He or Ne of less than 0.001 \iUg was 
5 detected by contamination from air orthe like without Intentional addition . However, such a slight content hardly provides 
a significant effect as the present invention. 

[Example 2] 

10 [0088] Samples No. 21 to No. 90 in Tables 3 to 9 represent glass compositions according to Example 2 of the present 
invention. The glass compositions were prepared to contain fining components and were melted in the same manner 
as in Example 1 . Steam bubbling was employed during melting for the glass compositions requiring a large water 
content. The melted samples were subjected to He and Ne analysis, and measurement of number of bubbles. Samples 
No. 21 to 30 in Table 3 correspond to the inventions according to claims 1 to 3. Further, sample No. 21 corresponds 

15 to the invention according claim 6; samples No. 24 and No. 28 correspond to the invention according to claim 4; sample 
No. 25 corresponds to the Invention according to claim 9; sample No. 26 corresponds to the invention according to 
claim 8; sample No. 27 corresponds to the invention according to claim 7; and samples No. 23 and No. 30 correspond 
to the invention according to claim 5. 
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[0089] In Table 4, samples No. 31 to No. 34 and No. 39 correspond to the inventions according to claims 1 to 3 and 
claim 6; and samples No. 35 to No. 38 and No . 40 correspond to the inventions according to claim 1 , claim 2, and claim 3. 
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[0090] Samples No. 41 to No. 50 In Table 5 correspond to the inventions according to claims 1 to 3 and claim 5. 
Further, sample No. 44 and sample No. 47 correspondto the Inventions according to claim 11 andclaim8, respectively. 
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[0091] Samples No. 51 to No. 60 in Table 6 correspond to the inventions according to claims 1 to 3 and claim 4. 
Further, sample No. 53 and sample No. 57 correspond to the Inventions according to claim 6 and claim 7, respectively. 
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[0092] Samples No. 61 to No. 70 in Table 7 correspond to the inventions according to claims 1 to 3 and claim 9. 
Further, sample No. 65 corresponds to the invention according to claim 7; sample No. 66 corresponds to the invention 
according to claim 5; and sample No. 67 corresponds to the inventions according claim 4 and claim 12. 
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[0093] Samples No. 71 to No. 80 in Table 8 correspond to the inventions according to claims 1 to 3 and claim 8. 
Further, sample No. 74 and sample No. 77 correspond to the inventions according to claim 6 and claim 7, respectively. 
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[0094] Samples No. 81 to No. 90 in Table 9 correspond to the inventions according to claims 1 to 3 and claim 7. 
Further, sample No. 83, sample No. 86, and sample No. 88 correspond to the Inventions according to claim 4, claim 
6, and claim 9, respectively. 
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[0095] Tables 3 to 9 confirmed that each of samples No. 21 to No. 90 In Example 2 contained a predetermined 
amount or more of He and Ne In total and had a small number of bubbles. 

[Comparative Example 2] 

5 

[0096] Samples No. 91 lo No. 100 In Table 10 represent glass compositions according lo Comparative Example 2 
of the present invention. Molten glass were prepared in the same manner as in Example 2, and samples No. 91 lo No. 
1 00 in Comparative Example 2 were produced by remelting in the same manner as in Example 2 except that the melting 
atmosphere was changed to an atmospheric condition. 
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[0097] The samples in Comparative Example 2 contain fining components, and thus, the number of bubbles in the 
samples is reduced compared to the samples without the fining agent. However, the samples in Comparative Example 
2 had more bubbles than the samples containing He and Ne in Example 2. 

5 [Example 3] 

[0098] Samples No. 101 to No. 110 in Table 11 represent glass compositions according to Example 3 of the present 
invention. A molten glass melted in a He (99.9999% purity) melting atmosphere at 1 J 400°C for 40 minutes in advance 
to yield a predetermined composition was poured out onto a carbon plate, and a part thereof was subjected to chemical 

10 composition analysis. After the composition was determined, the molten glass was pulverized to a particle size of 0.2 
to 0.5 mm using an alumina mortar. 50 g of the pulverized coarse-grained glass was poured into a platinum crucible. 
The crucible was placed In an atmosphere furnace of an airtight structure heated to 1 ,500°C in advance, retained 
therein for 10 minutes for remeitlng, and taken out. After cooling, composition analysis after remelting confirmed that 
compositions were the same as those before melting. The size of bubbles remaining in the glass was determined using 

is a stereoscopic microscope of 20 to 1 00 power magnification while keeping the glass in an immersion liquid having the 
same refractive index as the glass. 

[0099] Samples No. 101 to No. 110 in Table 11 correspond to the invention according to claim 1; and samples No. 
101 to No.108 and No. 110 correspond to the inventions according to claims 2 and 3. Further, sample No. 101 corre- 
sponds to the invention according to claim 6; samples No. 103 and No. 110 correspond to the invention according to 
20 claim 6; samples No. 104 and No. 108 correspond to the invention according to claim 4; sample No. 105 corresponds 
to the invention according to claim 9; sample No. 1 06 corresponds to the invention according to claim 8; and sample 
No. 1 07 corresponds the invention according to claim 7. 
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[Comparative Example 3] 

[0100J Samples No. 111 to No. 120 in Table 12 represent glass compositions according to Comparative Example 3 
of the present invention. Molten glass were prepared in the same manner as in Example 3, and samples No. 111 to 
No. 120 In Comparative Example 3 were produced by remelting In the same manner as in Example 3 except that the 
melting atmosphere was changed lo an atmospheric condition. 
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[0101] As a result, an average size of the bubbles remaining ranged from 0.49 mm to 1 mm for the samples in 
Comparative Example 3 subjected to atmospheric treatment while the average size of the bubbles remaining was 0.1 
mm or less for the samples in Example 3 subjected to He or Ne treatment. The results confirmed that reheat treatment 
prevents reboiling. 

5 

[Example 4] 

[0102] Samples No. 121 to No. 170 in Tables 13 to 17 represent glass compositions according to Example 4 of the 
present invention. Of those, samples No. 121 to No. 160 were produced by: pouring into a platinum crucible a batch 

io of about 500 g of glass prepared in advance to yield a predetermined composition; placing the crucible in an atmosphere 
furnace of an airtight structure heated to 1 ,400°C, 1 ^SO^C, 1 ,500°C, and 1 ,550°C in advance, depending on the kind 
of glass compositions, respectively; and retaining the crucible in the furnace for 4 hours. Further, samples No. 161 to 
No. 170 in Table 17 were produced by melting in the same furnace at 1 ,550°C for 2 hours. Samples No. 121 to No. 
160 were produced by: placing a crucible containing glass in the furnace; retaining the crucible therein for 4 hours; 

15 Introducing an atmospheric gas having 95% or more He or Ne concentration into the furnace; and retaining the crucible 
at a pre determined temperature for 30 minutes. Further, samples No. 161 to No. 170 in Table 17 were produced through 
treatment in a He atmosphere at 1 ,600°C for 2 hours. Then, each sample was taken out from the furnace and poured 
out into a mold made of glassy carbon for molding. After cooling, analysis after remelting confirmed that compositions 
were the same as those before melting. The size of bubbles remaining in the glass was determined using a stereoscopic 

20 microscope of 20 to 1 00 power magnification while keeping the glass In an immersion liquid having the same refractive 
index as the glass. 

[0103] Samples No. 121 to No. 125 and No. 127 to No. 130 in Table 13 correspond to the inventions according to 
claims 1 to 3 and claim 4. Further, sample No. 1 26 corresponds to the inventions according to claims 1 to 3 and claim 5. 
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[0104] Samples No. 131 to No. 140 In Table 14 correspond to the Inventions according to claims 1 to 3 and claim 4. 
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[0105] Samples No. 141, No. 143 to No. 146, and No. 148 in Table 15 correspond to the inventions according to 
claims 1 to 3 and 4. Further, samples No. 142, No. 147, and No. 149 to No. 150 correspond to the invention according 
to claim 1; samples No. 143 and No. 146 correspond to the Inventions according to claims 8 and 10; samples No. 149 
and No. 1 50 correspond to the Inventions according to claims 2, 3, and 9; and samples No. 1 45 and No. 1 46 correspond 
5 to the inventions according to claims 9 and 12. 
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[0106] Samples No. 151 to No. 154, No. 156, and No. 158 to No. 160 In Table 16 correspond to the inventions 
according to claims 1 to 3. Further, sample No. 155 corresponds to the invention according to claim 1; samples No. 
151 and No. 160 correspond to the invention according to claim 9; samples No. 152 and No. 158 to No. 160 correspond 
to the invention according to claim 4; sample No. 153 corresponds to the Invention according to claim 6; and sample 
5 No. 1 60 corresponds to the invention according to claim 1 2. 
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[0107] Samples No. 161 to No. 170 In Table 17 correspond to the inventions according to claims 1 to 3. Further, 
samples No. 161 to No. 162, No. 164 to No, 166, and No. 169 to No. 170 correspond to the invention according to 
claim 4; samples No. 162 and No. 166 correspond to the invention according to claim 9; samples No. 161, No. 164 to 
No. 165, and No. 169 to No. 170 correspond to the Invention according to claim 8; samples No. 163 and No. 167 to 
5 No. 168 correspond to the invention according to claim 5; and samples No. 163 to No. 164 and No. 167 to No. 168 
correspond lo the invention according to claim 6. Further, samples No. 161 , No. 164 to No. 165, and No. 1 69 Lo No. 
170 correspond lo the invention according lo claim 10; samples No. 163 and No. 167 to No. 168 correspond to the 
invention according to claim 11 ; and samples No. 162 and No. 166 correspond to the invention according to claim 12. 
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[Comparative Example 4] 

[0108] Samples No. 171 to No. 180 in Table 18 and samples No. 181 to No. 190 in Table 19 represent glass com- 
positions according to Comparative Example 4 of the present invention. Molten glass were prepared In the same 

s manner as in Example 4 of Table 16, and samples No. 171 to No. 180 In Comparative Example 4 were produced by 
remelling in the same manner as in Example 4 except thai the melting atmosphere was changed to an atmospheric 
condition. Molten glass were prepared in the same manner as in Example 4 of Table 1 7, and samples No. 1 81 to No. 
1 90 In Comparative Example 4 were produced by remelting in the same manner as in Example 4 except that the melting 
atmosphere was changed to an atmospheric condition. After cooling, analysis after remelting confirmed that oxide 

10 compositions were the same as those before melting. The number of bubbles remaining in the glass was determined 
using a stereoscopic microscope of 20 to 100 power magnification while keeping the glass in an immersion liquid 
having the same refractive Index as the glass. 
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[0109] The results of direct melting the raw materials confirmed that the samples in Example 4 containing He and 
Ne had no bubbles or, if any, about 1 to 2 bubbles/10 g after cooling. On the other hand, the samples In Comparative 
Example 4 without He and Ne had about 110 to 6,230 bubbles/10 g, which is an apparently larger number than that In 
Example 4. That is, the number of bubbles Is reduced by Including He and Ne in the glass composition. 

5 

[Example 5] 

[01 10] Glass raw materials were prepared to yield a glass composition shown in Table 20. Then, 500 g of the glass 
raw materials was charged into a platinum-rhodium (15%) crucible for glass melting. The crucible was placed in an 

w indirect electric resistance furnace for melting at 1 ,500°C for 3 hours. A He gas (99.9999% purity) was Introduced into 
the furnace through a supply port connected to the inside of the electric resistance furnace during melting. Melting was 
conducted while confirming complete replacement of the furnace atmosphere with He from analysis results of N 2 , C0 2 , 
CO, Ar, and 0 2 in exhaust. After melting for a predetermined period of time, the molten glass was cast in a carbon 
mold, and cooled in a slow cooling furnace. Then, an amount required for analysis was sampled. A Pt (platinum) content 

is in the molded glass was analyzed using an ICP mass spectrometer similar to the above-described analyzer (7000S, 
manufactured by Agilent Technologies, inc.). The results show that the glass contains 3.1 ppm of platinum eluted from 
an inner wall of the crucible used for melting. 



Table 20 



20 



25 



Sample No. 


191 


(mass%) 
Si0 2 


63.2 


A\ 2 0 3 


2.0 


SrO 


9.1 


BaO 


8.9 


Na 2 0 


7.6 


K 2 0 


7.7 


Zr0 2 


1,5 



[Comparative Example 5] 

[01 1 1 ] The same glass raw materials as those of Example 5 were melted in two melting atmospheres (atmospheric 
condition and N 2 (nitrogen atmosphere)) at 1 ,500°C for 3 hours using the same apparatus as in Example 5. AN 2 
(nitrogen) gas, similar to He, was supplied through a supply port connected to the inside of the electric resistance 
furnace. A Pt (platinum) content in the molded glass was analyzed In the same manner as in Example 5 using an ICP 
mass spectrometer. The results show the Pt content of 4.1 ppm in the glass produced by melting in a N 2 atmosphere, 
and the Pt content of 5.1 ppm in the glass produced by melting in an atmospheric condition, both indicating large 
amounts of Pt melted in the glass. 

[01 12] As described above, glass melting in a He atmosphere enables reduction of an amount of Pt melting into the 
molten glass and suppresses the Pt content in the glass product even when glass is melted in an environment containing 
platinum, to thereby provide a homogeneous glass product 

[Example 6) 



[0113] A discharge rate of a gas discharged from the molten glass by Introduction of a He gas was studied, to in- 
vestigate how He functions in the molten glass. 

[01 14] Table 21 shows a glass composition used for the investigation. 1 g of glass melted and analyzed for its com- 
position in advance was held in a platinumboat, and the boat was placed inside an electric furnace of an airtight struc- 
ture. The boat was heated in an environment of nitrogen and He introduced as carrier gases, and the discharge rate 
of the gas discharged was measured. The discharge rate of the gas discharged was measured using a quadrupole 
mass spectrometer. Table 22 shows the results. 
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Table 21 



Samole No 


192 


193 


(mass%) 
Si0 2 


63.0 


58.9 


Al 2 0 3 


2.0 


14.1 


B20 3 


- 


9.8 


CaO 


- 


5.2 


SrO 


9.1 


5.9 


BaO 


8.9 


2.4 


ZnO 


- 


0.5 


| Na 2 0 


7.6 


- 


K z O 


7.7 




Zr0 2 


1.5 


0.2 


so 3 


0.2 




Sb 2 0 3 




1,0 


As 2 0 3 




1.0 


Sn0 2 




1.0 



Table 22 



Sample 
No. 


Measurement 
gas species 


Measurement 
temperature 


Gas discharge rate (u,L/g-sec) at 
0°C, 1 atm 


N 2 carrier gas 


He carrier gas 


192 


so 2 


1550 


0.01 


0.10 


193 


0 2 


1300 


0.03 


0.70 


0 2 


1400 


0.04 


0.70 


o 2 


1600 


0.02 


0.80 



[0115] Samples No. 192 and No. 193 have different compositions and use different fining agents. Table 22 clearly 
shows that the discharge rates of the gas discharged from both samples by the introduction of the He gas as a carrier 
gas are about 1 0 times the discharge rates of the gas discharged by N 2 introduction and are independent of temperature. 
The gas discharge rate Is In direct proportion with an Inner partial pressure of the gas in the molten glass. A large inner 
partial pressure of the molten glass can be indirectly grasped through He introduction. 

[01 16] The glass composition according to tho present invention is manufactured by melting tho glass raw materials, 
contains a plurality of oxides as main components, and contains a predetermined amount of helium and/or neon in the 
molten glass. Thus, bubbles hardly remain in the glass as defects, and the glass composition is highly homogeneous. 
Therefore, prosperity can be further promoted in a variety of Industries employing diverse glass products. 
[0117] Further, the inclusion of the fining component enables assured clarifying of the glass during melting while 
imparting properties of inhibiting rebelling by heat treatment or the like to the glass product. Therefore, further exploi- 
tation of applications can be promoted in industrial fields employing the glass products. 



Claims 



1 . A glass composition manufactured by melting glass raw materials and containing a plurality of oxides as a main 
component, characterized by comprising at least one of helium and neon in an amount of 0.01 to 2 \i\Jg (0°C, 1 
atm). 
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2. A glass composition according to claim 1 , characterized by comprising a fining component in an amount of 0.001 
to 3 mass%. 

3. A glass composition according to claim 1 , characterized by comprising one or more fining components selected 
5 from the group consisting of S0 3 , CI, H 2 0, Sn, Sb, F, and As. 

4. A glass composition according to claim 1 , characterized by comprising Sb in an amount of 0.01 to 1 .5 mass% as 
Sb 2 0 3 . 

10 5. A glass composition according to claim 1 , characterized by comprising S0 3 in an amount of 0.001 to 1 .0 mass%. 

6. A glass composition according to claim 1 , characterized by comprising CI in an amount of 0.01 to 1 .5 mass%. 

7. A glass composition according to claim 1 , characterized by comprising H 2 0 in an amount of 0.01 to 0.2 mass%, 

15 

8. A glass composition according to claim 1 , characterized by comprising Sn in an amount of 5 ppm mass to 2 
mass% as Sn0 2 . 

9. A glass composition according to claim 1 , characterized by comprising As in an amount of 0.01 to 1 .5 mass% as 
so As 2 0 3 . 

10. A glass composition according to claim 1 , characterized by comprising Sb in an amount of 0.01 to 1 .5 mass% as 
Sb 2 0 3l and Sn in an amount of 5 mass ppm to 2 mass% as Sn0 2 . 

25 11. A glass composition according to claim 1 , characterized by comprising S0 3 in an amount of 0.001 to 1 .0 mass%, 
and CI in an amount of 0,01 to 1 .5 mass%. 

12. A glass composition according to claim 1 , characterized by comprising Sb in an amount of 0.01 to 1 .5 mass% as 
Sb 2 0 3t and As In an amount of 0.01 to 1 .5 mass% as AS 2 0 3 . 
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